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1. Introduction

In this work we study the sensibility of the anomalous magnetic and electric dipole moments
of the tau-neutrino through the processes e*e™ — et y'e™ — e" 1V, V, and ete™ — ety v'e™ —
et v Ve at a future high-energy and high-luminosity linear electron positron collider, with a
center-of-mass energy in the range of 500 to 1600 GeV/, such as the International Linear Collider
(ILC) [m], and of 3 TeV to the Compact Linear Collider (CLIC) [B].

To illustrate our results for both processes we include a contours plot for the upper bounds of
the anomalous couplings i, and dy, with 95% C.L. at the /s = 0.5,1.5,3 TeV with corresponding
maximum luminosities for both processes. The sensitivity limits on the magnetic moment (i, and
the electric dipole moment dy, of the tau-neutrino for different values of photon virtuality, center-
of-mass energy and luminosity are also calculated.

This paper is organized as follows. In Section 2, we study the dipole moments of the tau-
neutrino through the processes e"e™ — et y*e™ — et TV, V,. In Section 3, we study the dipole
moments of the tau-neutrino through the processes ee™ — eTy*v*e™ — e v,V e~. Finally, we
present our results and conclusions in Section 4.

2. Dipole moments via eTe™ — e"y*e™ — et TV V,

The corresponding Feynman diagrams for the main reaction e*e™ — et y*e™ — eT TV, V,, as
well as for the subprocess Y ¢~ — TV;V, which give the most important contribution to the total
cross-section are shown in Figs. 1-2. From Fig. 2, the Feynman diagrams (1)-(3) correspond to the
contribution of the standard model, while diagram (4) corresponds to the anomalous contribution,
that is to say, for the y*e~ collisions there are SM background at the tree-level so the total cross-
section is proportional to Or, = Osap + 1t (Uv, , dv.) + Canom( ,LL\%T , d‘z,f, Uy, dy.), respectively.

Figure 1: Schematic diagram for the process eTe™ — eTy*e™ — eT TV, V,.

To illustrate our results in Fig. 3 we used three center-of-mass energies /s = 0.5,1.5,3 TeV
planned for the ILC and CLIC accelerators in order to get contours limits in the plane y, — dy,
for ete™ — eTy*e™ — et 1V,;V, and the planned luminosities of .Z = 230,320,590 fb~' and
Weizsacker-Williams photon virtuality Q? = 64 GeV?.

As an indicator of the order of magnitude, in Table 1 we present the bounds obtained on the
Ly, magnetic moment and dy, electric dipole moment for Q> = 64 GeV?, \/s = 0.5,1.5,3 TeV and
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Figure 2: The Feynman diagrams contributing to the subprocess y*¢~ — TV;V,.
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Figure 3: Limits contours at the 95% C.L. in the iy, — dy, plane foreTe™ — e"y'e™ — e TV, V,.

% =1230,320,590 fb~! at 20 and 30 C.L., respectively. We observed that the results obtained
in Table 1 are competitive with those reported in the literature [B, B, B, B, @, B, B, [T, [, I, I3,
4, I3, 4, 2, I3, 0, T, ). For the electric dipole moment our limits compare favorably with
those reported by K. Akama, et al. [I2] |dy.| < O(2 x 1077 ecm) and R. Escribano, et al. [23]
\dy,| <5.2x1071 ecm, 95% C.L.

3. Dipole moments via eTe™ — e"y*ye” — etV Ve

We study the dipole moments of the tau-neutrino via the process ete™ — et y*y*e™ — et v Ve™
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Vs=0.5,153TeV, £ =230,320,590 fb~!
C.L. v, (up)] dv, (ecm)]
20 (8.22,2.88,1.32)x107° (15.8, 5.56, 2.54)x10~17
36 (8.97,3.14,1.44)x10°°  (17.3, 6.06, 2.78)x 10717

Table 1: Bounds on the i, magnetic moment and dy,_ electric dipole moment for the process ete™ —
ety'e™ — et TV, for Q% = 64 GeV?, /s =0.5,1.5,3 TeV and .Z = 230,320,590 fb~! at 26 and 3o C.
L.

for energies expected at the ILC and CLIC [M, D). The corresponding Feynman diagrams for the
subprocess Y*y* — v;V; which give the most important contribution to the total cross-section are
shown in Figs. 4 and 5. In this case, the total cross-section of the subprocess depends only on the
diagrams (1) and (2) with anomalous couplings, and there is no contribution at tree level of the
standard model, which is to say o7 = o(ly_,dy._, iy dy,, iy dy_, v,y ).

Y ——— Ur vy —— Ur
Vr Vs

* * U

v 9 "

Figure 5: The Feynman diagrams contributing to the subprocess y*y* — v;V,.

In Fig. 6 we summarize the respective limit contours for the dipole moments in the u,, —dy,
plane for eTe™ — et y*y*e™ — eTv,V;e™. Starting from the top, the curves are for /s = 0.5
TeV and £ =230 fb'; /s =1.5TeV and £ =320 fb~'; \/s =3 TeV and .£ = 590 fb~!,
respectively. We have used Q? = 64 GeV>.
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Figure 6: Limits contours at the 95% C.L. in the i, —dy, plane forete™ — et y*y'e™ — et vivie .

In Table 2 we present the bounds obtained on the u,, magnetic moment and d, electric dipole
moment for /s = 0.5,1.5,3 TeV, 0*> = 64 GeV? and .£ = 230,320,590 fb~' at 26 and 30.
We observed that the results obtained in Table 2 improve the bounds reported in the literature
[B,8,8, 8 02 R, 0,10, 0,3, 03, [4 03, 0d, [ I, d, 9, ).

Vs=05,153TeV, £ =230,320,590 fb~!
C.L. v, (up)| dv, (ecm)]
20 (9.90, 5.20, 3.10)x 10~ (191, 1.00)x 10717, 5.98x 10~ 18
36 (10.60,5.54,3.40)x10~7  (2.04,1.07)x10""7, 6.56x 10~ '8

Table 2: Bounds on the i, magnetic moment and dy, electric dipole moment for the process e*e™ —
ety ye — et vy ve for Q7 =64 GeV?, /s =0.5,1.5,3 TeV and .Z = 230,320,590 fb~! at 26 and 36
C.L.

4. Conclusions

In conclusion, we have found that the processes ete™ — ety*e™ — eTTV;v, and ete™ —
et y'y*e” — etV Ve inthe y*e~ and y*¥* collision modes at the high energies and luminosities
expected at the ILC and CLIC colliders can be used to probe for bounds on the magnetic moment
Wy, and electric dipole moment dy,_ of the tau-neutrino. In particular, we can appreciate that for
integrated luminosities of 590 fb~! and center-of-mass energies of 3 TeV, we derive 95% C.L.
limits on the dipole moments: ,, < 1.44 x 10~°ug and dy, <2.78 x 107 e cm for the process
ete” = ety'e” — et tV;v, and of ., <3.4x 1077 up and dy, < 6.56 x 10718 ecm for eTe™ —
et y*y*e” — et v, Ve, better than those reported in the literature.
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